We report a rare case of leiomyosarcoma arising in the nasal cavity. A 45-year-old woman visited our hospital because of recurrent epistaxis in 1998. A biopsy was performed on a mass in the posterior area of the left nasal cavity, and a histological diagnosis of leiomyosarcoma was made. Although the nasal tumor was resected via left lateral rhinotomy, tumor recurrence was detected. In addition, multiple metastatic tumors were detected in both lungs. Therefore, CyberKnife therapy was performed for the recurrent tumor and radiofrequency ablation for a large tumor among the metastatic lung tumors. Although the patient died of multiple metastasis of the whole body in 2007, tumors in the lungs and the primary site, which were treated with radiofrequency ablation and CyberKnife therapy, did not increase. Leiomyosarcoma has a poor prognosis, and when recurrence or distant metastasis occurs, radical cure is even more difficult. In this patient, CyberKnife therapy and radiofrequency ablation were effective for treating local recurrent and metastatic lesions. Even in patients in whom a radical cure is difficult due to recurrence or distant metastasis, CyberKnife therapy and radiofrequency ablation can relieve symptoms and prolong survival.
Introduction
Malignant tumors in the nasal and paranasal sinus areas are mostly epithelial tumors, and the incidence of sarcoma is low. The diagnosis of sarcoma is often difficult clinically and histologically. However, due to advances in immunohistological diagnostic methods, case reports of sarcoma have been increasing. Reports on nasal and paranasal sinus sarcomas, rhabdomyosarcoma, fibrosarcoma, and malignant fibrous histiocytoma, have been relatively frequent. However, case reports of leiomyosarcoma have been extremely rare since the report by Dobben in 1958 [1] . We treated a patient with leiomyosarcoma arising in the nasal cavity, and report the case and review the literature.
Case report
The patient was a 45-year-old woman. Her chief complaint was epistaxis. There was nothing of note in her family history.
Present illness
On December 1998, the patient developed epistaxis during sleep and visited the emergency outpatient clinic of our hospital because epistaxis did not stop. Epistaxis had also occurred 1 month earlier but stopped spontaneously, and since then, left nasal obstruction had continued. A magnetic resonance imaging (MRI) examination revealed a tumor in the posterior part of the left nasal cavity (Fig. 1 ). An endoscopic examination revealed a submucosal mass lesion in the posterior area of the left nasal cavity, from which a biopsy specimen was obtained.
Histopathological findings
Sections of the biopsy specimen stained with hematoxylin and eosin (H&E) showed extensive proliferation by atypical spindle-shaped cells with nuclear pleomorphism (Fig. 2) . Mitotic figures were also frequently observed (10/10 high power fields), and multinucleated giant cells were often present. Immunohistochemical staining revealed that the tumor was positive for desmin, vimentin, and a-smooth muscle actin (a-SMA), but was negative for epithelial membrane antigen, leukocyte common antigen, and S-100 protein (Fig. 3) . Based on these findings, a diagnosis of leiomyosarcoma was made.
Course
The nasal tumor was resected by left lateral rhinotomy in January 1999. However, tumor recurrence was detected in the left pterygopalatine fossa in August 2001 (Fig. 4) . Because the tumor size remained unchanged after completion of radiotherapy at 36 Gy, total resection of the recurrent tumor was performed in December 2001.
Subsequently, the patient was followed up periodically. In November 2002, masses were detected in the lungs (Fig. 5) . As a result of a computed tomography (CT)-guided lung biopsy, a diagnosis of lung metastasis of leiomyosarcoma was made. Multiple metastatic tumors were present in the lungs bilaterally. Because surgical resection was impossible, chemotherapy was given repeatedly. The tumor size decreased after the initial course of chemotherapy (CYVADIC; cyclophosphamide 700 mg/m 2 , vincristine 2 mg/m 2 , adriamycin 70 mg/m 2 , dacarbazine (DTIC) 350 mg Â 4 days/m 2 ); however, the tumor gradually increased in size over 6 courses of chemotherapy (Fig. 6) . The patient underwent radiofrequency ablation of a large (2 cm in size) metastatic tumor in the lungs in July 2004.
Subsequently, combination chemotherapy with ifosfamide, epirubicin, and cisplatin and with hydroxyurea, DTIC, and etoposide (VP-16) was given. However, in April 2005, tumor recurrence was detected near the primary site, and this recurrent tumor tended to increase. There was pain in the area of the recurrent tumor, which increased with an increase in the size of the tumor. The recurrent tumor tended to increase more markedly than the metastatic tumor in the lung, and was expected to lead to eating/swallowing disorders in the future. Therefore, in November 2005, CyberKnife therapy was performed on the recurrent tumor (Fig. 7) . After CyberKnife therapy, the recurrent tumor decreased in size; local pain was transiently aggravated immediately after this therapy, but gradually improved as the tumor decreased in size.
After these treatment methods, metastasis developed in subcutaneous areas, muscles, the liver, and bones throughout the body and treatment was given to mainly alleviate symptoms. However, her general condition gradually deteriorated and she died in July 2007. Tumors of the lung and the primary site, for which radiofrequency ablation and CyberKnife therapy were performed, respectively, did not increase in size up to her death (Figs. 7 and 8). Without the aggravation of local pain, the patient was able to eat until immediately before death. 
Discussion
Leiomyosarcoma is a malignant tumor that develops in soft tissue, and accounts for approximately 7% of all soft tissue sarcomas [2] . Leiomyosarcomas usually occur in the uterus, gastrointestinal tract, and retroperitoneal area; occurrence in the head and neck area is rare [3] . Within the head and neck area, leiomyosarcomas frequently develop in the nasal and paranasal sinus areas, although this accounts for only about 3% of all leiomyosarcomas.
The mean age at the onset of leiomyosarcoma in the nasal and paranasal sinus areas was shown to be 53.2 AE 18.6 years, but this tumor has been observed over a wide age range from 18 to 87 years [3] [4] [5] . The male/female ratio is almost 1:1, showing no sex-related differences. Initial symptoms include nasal obstruction, epistaxis, local swelling, and pain. There are few findings characteristic of this disease.
Because leiomyosarcomas are considered to be derived from aberrant undifferentiated mesenchymal tissue, smooth muscles on the vascular wall, and myoepithelial cells in the submucosal glands [6] , they can develop anywhere in the nasal and paranasal sinus areas. However, their development in the posterior, rather than anterior area of the nasal cavity has been reported frequently [7, 8] ; the primary site in our patient was the posterior area of the nasal cavity. A pathological examination is indispensable for a definitive diagnosis of leiomyosarcoma, but its differentiation from rhabdomyosarcoma, fibrosarcoma, malignant schwannoma, or spindle-cell tumors is difficult using conventional H&E staining alone [9, 10] . Therefore, an evaluation using immunostaining or electron microscopy is necessary. For immunohistochemical diagnosis, a-SMA and muscle-specific actin as smooth muscle markers and vimentin as a mesenchymal marker are useful [11, 12] . Leiomyosarcoma still has a poor prognosis. The 5-year survival rate in patients with leiomyosarcoma in the head and neck area is 35-50%. The primary choice of treatment is commonly radical resection, and extensive resection is desirable. However, resection with an adequate safety zone is often difficult in nasal and paranasal sinus areas. Recurrence occurs in 55% of patients, mostly within 1 year [3] . Miyajima et al. [13] analyzed leiomyosarcomas in all areas, Kurubilla et al. [7] reported that the prognosis is poor for cases extending to the ethmoid sinus, rather than those localized in the nasal cavity. In addition, leiomyosarcomas in the head and neck area rarely metastasize to cervical lymph nodes, and prophylactic cervical dissection may not be necessary in patients in whom preoperative diagnostic imaging shows no clear cervical lymph node metastasis [14] . In this patient, no cervical lymph node metastasis was observed during the course of the disease.
Leiomyosarcoma of the head and neck area is not radiosensitive [3] . In this patient, radiotherapy (36 Gy) performed at the time of recurrence in 2001 did not reduce the size of the tumor, and secondary surgery was performed. Combination chemotherapy with various drugs such as CYVADIC therapy [15] was also performed, but effective chemotherapy for leiomyosarcoma has not been standardized. It is difficult to achieve a radical cure for leiomyosarcoma in nasal and paranasal sinus areas using chemotherapy alone. Chemotherapy should be regarded an auxiliary therapy in a multidisciplinary treatment. However, leiomyosarcoma tends to metastasize hematogenously, mainly to the lungs (84%), liver, and skeleton [16] . In our patient, systemic multiple metastases were observed, which suggests the importance of not only local treatment but also chemotherapy. Postoperative chemotherapy may be important in patients who undergo radical resection, and effective chemotherapy in multidisciplinary treatment needs to be established in the future.
The CyberKnife is an image-guided frameless dedicated stereotactic radiotherapeutic device. Lesions can be confirmed under image guidance and irradiated by following its movement. CyberKnife therapy was initiated in Stanford University in 1994 and in Japan in 1997. In the head and neck area, various important organs are present in a small area, and resection with an adequate safety zone is often difficult. In such cases, stereotactic radiosurgery can aim for a radical cure, minimizing damage to important organs. There are 2 kinds of CyberKnife therapy: stereotactic radiosurgery (SRS), which utilizes a one-time large dose of irradiation, and stereotactic radiotherapy (SRT), which can irradiate with a dose of up to 7 Gy each time. SRS is highly effective against tumors, but it can cause considerable damage to the surrounding tissues. In Japan, SRT is a common form of CyberKnife therapy. Even in this case, SRT was performed at a marginal dose of 35 Gy administered 7 Gy at a time over 5 doses. Some studies have shown the good clinical effects of CyberKnife therapy if tumors are not responsive to conventional radiation therapy. In our patient, tumor size decreased as a result of CyberKnife therapy, and was not effectively treated with external beam radiotherapy to a total dose of 36 Gy. With a rate of local recurrence of 50-75% [16] , treatment of the primary site is important for a good prognosis. Although the first treatment choice is radical surgical resection in principle, we thought that CyberKnife therapy may be an effective option for medically inoperable or unresectable patients with leiomyosarcoma.
Metastatic spread is almost exclusively hematogenic. In our patient, lung metastasis was seen 1 year after surgery, and radiofrequency ablation was performed on one of the metastatic lung tumors. Radiofrequency ablation was first used clinically for the treatment of malignant hepatic tumors and subsequently for bone and soft tissue tumors, renal malignant tumors, and mammary gland tumors. In recent years, this method has been performed for solid lung malignancies, and is available for medically inoperable or unresectable cases [17] . Although indications of local therapy, such as surgical resection of lung metastasis, remain very controversial, some studies have reported that intensive local treatment may play some role in prolonging the survival of patients with colorectal cancer, renal cell cancer, and soft tissue sarcoma [18, 19] . Radiofrequency ablation induces coagulation necrosis in tumors by a percutaneous approach. High treatment success rates of complete coagulation (90%) were observed when the size of the tumor was smaller than 2 cm. Radiofrequency ablation does not require thoracotomy, is minimally invasive, and has effects similar to those of surgical resection on metastatic lung tumors 2 cm. Bilateral multiple lung metastatic tumors were observed in our patient. Although a radical cure was not expected, due to the patient's strong wishes, radiofrequency ablation was performed on 1 (2 cm in size) of the lung metastatic lesions. An electrode was inserted into the lung metastatic lesion, and the electrode was heated to 63-798C. This was repeated 4 times, and was effective in halting the growth of the tumor. Favorable clinical effects were also observed compared with other lung metastatic lesions not treated using radiofrequency ablation.
Conclusion
The prognosis for leiomyosarcoma of the nose or paranasal sinuses is poor. The 5-year survival rate is 20%, and approximately 50% of patients do not survive the first year [3] . It is controversial whether local treatment should be performed in patients with distant metastasis or incurable disease. However, we consider that its implementation could extend survival and improve the patient's quality of life. Radiofrequency ablation and CyberKnife therapy can be useful choices in multidisciplinary treatment for leiomyosarcoma in nasal and paranasal sinus areas.
